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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
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ribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria negded for the
Fent types of ISO documents should be noted. This document was drafted in acéordance with the
rial rules of the ISO/IEC Directives, Part 2 (see www. iso. org/directives).

Attention is drawn to the possibility that some of the elements of this documérnt may be the subject of
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nt rights. ISO shall not be held responsible for identifying any or all sueh“patent rights. Details of
atent rights identified during the development of the document will be in the Introdug¢tion and/or
e ISO list of patent declarations received (see www. iso. org/patents).

frade name used in this document is information given for the'éonvenience of users gnd does not
[itute an endorsement.

in explanation on the voluntary nature of standards, the meaning of ISO specifi¢ terms and
pssions related to conformity assessment, as well*as' information about ISO’s adhefence to the
d Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the following
www.iso. org/iso/foreword. html.

0211 was prepared by ISO Technical Committee ISO/TC 163, Thermal performance and energy use
e built environment, Subcommittee SC 2~Calculation methods, in collaboration with the European
mittee for Standardization (CEN) .Technical Committee CEN/TC 89, Thermal performance of

buildings and building components, in accérdance with the Agreement on technical cooperatjon between
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second edition cancels andxeplaces the first edition (ISO 10211:2007), which has been technically
ed.

hanges in the second edition are mostly editorial. The standard has been re-drafted pccording
N/TS 16629:2014:
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Introduction

This document is part of a series aimed at the international harmonization of the methodology for
assessing the energy performance of buildings. Throughout, this series is referred to as a “set of EPB
standards”.

All EPB standards follow specific rules to ensure overall consistency, unambiguity and transparency.

All EPB standards provide a certain flexibility with regard to the methods, the required input data and
references to other EPB standards, by the introduction of a normative template in Annex A and Annex B
with informative defanlt choices

For the correct use of this document, a normative template is given in Annex A to specify these chlices.
Informative|default choices are provided in Annex B.

The main tajrget groups for this document are architects, engineers and regulators.

Use by or fpr regulators: In case the document is used in the context of national or regional [legal
requirements, mandatory choices may be given at national or regional level for such spegcific
applicationg. These choices (either the informative default choices from Annéx-B or choices adapted to
national/regional needs, but in any case following the template of Annex A)can be made availaljle as
national annex or as separate (e.g. legal) document (national data sheet)s

NOTE 1 Sq in this case:

— the regula£ors will specify the choices;

— the individlual user will apply the document to assess the energy performance of a building, and thereby use
the choices made by the regulators.

Topics addrgssed in this document can be subject te public regulation. Public regulation on the same
topics can gverride the default values in Annex B."Public regulation on the same topics can even, for
certain applications, override the use of this document. Legal requirements and choices are in geperal
not publish¢d in standards but in legal dociGments. In order to avoid double publications and difficult
updating of|double documents, a national annex may refer to the legal texts where national chpices
have been made by public authorities.-Different national annexes or national data sheets are poskible,
for different applications.

It is expectqd, if the default values, choices and references to other EPB standards in Annex B arg not
followed dug to national regulations, policy or traditions, that:

— nationa] or regional@uthorities prepare data sheets containing the choices and national or regjional
values, pccording tothe model in Annex A. In this case a national annex (e.g. NA) is recommeided,
contain|ng a reference to these data sheets;

— or, by defadlt,'the national standards body will consider the possibility to add or include a natjional
annex ip dgreement with the template of Annex A, in accordance to the legal documents that give
national or regional values and choices.

Further target groups are parties wanting to motivate their assumptions by classifying the building
energy performance for a dedicated building stock.

More information is provided in the Technical Report accompanying this document (ISO/TR 52019-2).
The subset of EPB standards prepared under the responsibility of ISO/TC 163/SC 2 cover inter alia:
— calculation procedures on the overall energy use and energy performance of buildings;

— calculation procedures on the internal temperature in buildings (e.g. in case of no space heating or
cooling);

— indicators for partial EPB requirements related to thermal energy balance and fabric features;

vi © ISO 2017 - All rights reserved
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— calculation methods covering the performance and thermal, hygrothermal, solar and visual
characteristics of specific parts of the building and specific building elements and components, such
as opaque envelope elements, ground floor, windows and facades.

ISO/TC 163/SC 2 cooperates with other technical committees for the details on appliances, technical

building systems, indoor environment, etc.

This document sets out the specifications for a geometrical model of a thermal bridge for the numerical
calculation of linear thermal transmittances, point thermal transmittances and internal surface

temperatures.

Table_1 shows the relative position of this document within the set of EPR standards in th

e context of

the modular structure as set out in ISO 52000-1.
NOTHE 2 InISO/TR 52000-2 the same table can be found, with, for each module, the numbers of the relevant
EPB gtandards and accompanying technical reports that are published or in preparation.
NOTHE 3  The modules represent EPB standards, although one EPB standard could Coyér more thap one module
and one module could be covered by more than one EPB standard, for instance, a simplified and a detlailed method
respgctively. See also Tables A.1 and B.1.
Table 1 — Position of this document (in casu M2-5) within themodular structure of the set of
EPB standards
Overarchin, Building Teéchnical Building Systems
g (as such) g2y
Building
Suby | L Descrip- o Heat-{.Cool- Ven- | 4 midi- D?h.u.' Domestic | . , .. butoma- | PV
escriptions . Descriptions | . ] tila- | (. . midifi- Lighting | |. wind,
moduje tions ing/) ing . fication . hot water tion and
tion cation
control
sub1 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11
1 General General General
Common
terms and
2 definitions; Buildigg en* Needs a
symbols, ergy needs
units and
subscripts
(Free)
indoor Maximum
3 Applications conditions load and
without power
Sttt
Ways to ex- z\)/(a}i;(s) Ways to ex-
4 press energy P press energy
energy per-
performance formance performance
Building
5 categories ;:»a; tii::s_ ISO | Emission and
and building miss}i,on 10211 | control
boundaries
a The shaded modules are not applicable.
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Table 1 (continued)

. Building . o
Overarching (as such) Technical Building Systems
Building
Sub- | . Descrip- L Heat-| Cool- | V€™ | Humidi- D?h'u_- Domestic |, . ,.. automa- | LV
escriptions . Descriptions | . . tila- | ..~ . midifi- Lighting | .. wind,
module tions ing | ing X fication . hot water tion and
tion cation
control
sub1 M1 M2 M3 | M4 | M5 M6 M7 M8 M9 M10 M11
Buildinfg oc- Heat trans-
6 cupancly and fer by infil- Distribution
operating tration and and control
conditipns ventilation
'\V
Aggregption
7 of energy Internal Storage and
servicel .
heat gains control
and endrgy
carrier OQ
.\Q
8 Buildinig Solar heat Generation
zoning gains and control
Calculafted Building Load dis-
dynamics patching and
9 energy|per- ;
P (thermal operating
ormanjce T
mass) conditions
Measuijed Measured Measuted
10 energy|per- energy per- Energy Per-
formanfce formance formance
11 Inspection Inspection Inspection
R
Ways t¢ ex-
12 press ifjdoor 0 BMS
comforf N
External
13 environment
conditions
14 Econom'ic
calculation
a The shaded modules are not applicable.
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Thermal bridges in building construction — Heat flows
and surface temperatures — Detailed calculations

1 Scope

This document sets out the specifications for a three-dimensional and a two-dimensional geometrical
mod¢tofatirermmat bridge for the rumericat calcutatiomof

— heat flows, in order to assess the overall heat loss from a building or part of it, and
— 1Iminimum surface temperatures, in order to assess the risk of surface condensation.

Thesle specifications include the geometrical boundaries and subdivisions,ofithe model, the thermal
boundary conditions, and the thermal values and relationships to be used-

This|{document is based upon the following assumptions:
4ll physical properties are independent of temperature;
— there are no heat sources within the building element.

This|document can also be used for the derivation of linear and point thermal transmittances and of
surfgce temperature factors.

NOTHE Table 1 in the Introduction shows the relativeposition of this document within the set of EPB standards
in the context of the modular structure as set out in\ISO 52000-1.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this.document. For dated references, only the edition cited [applies. For
unddted references, the latest edition of the referenced document (including any amendments) applies.

ISO 4946, Building components and building elements — Thermal resistance and thermal trangmittance —
Calcylation method

[SO 4345, Thermghinsulation — Physical quantities and definitions
ISO 13370, Thermal performance of buildings — Heat transfer via the ground — Calculation inethods

ISO 137887 Hygrothermal performance of building components and building elements — Internal surface
temperature to avoid critical surface humidity and interstitial condensation — Calculation methods

[SO 10456, Building materials and products — Hygrothermal properties — Tabulated design values and
procedures for determining declared and design thermal values

ISO 13789, Thermal performance of buildings — Transmission and ventilation heat transfer coefficients —
Calculation method

ISO 52000-1:2017, Energy performance of buildings — Overarching EPB assessment — Part 1: General
framework and procedures

NOTE1 Default references to EPB standards other than ISO 52000-1 are identified by the EPB module code

number and given in Annex A (normative template in Table A.1) and Annex B (informative default choice in
Table B.1).

© IS0 2017 - All rights reserved 1
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EXAMPLE

NOTE 2
above is kept

3 Terms

:2017(E)

EPB module code number: M5-5, or M5-5,1 (if module M5-5 is subdivided), or M5-5/1 (if
reference to a specific clause of the standard covering M5-5).

to maintain uniformity between all EPB standards.

and definitions

In this document, there are no choices in references to other EPB standards. The sentence and note

For the purposes of this document, the terms and definitions given in ISO 7345, ISO 52000-1, and the
following apply.

ISO and IEC
IEC Eled

[SO Onl

31

thermal br
part of the b
by full or pa
and/or a ch
such as occy

3.2
linear ther
thermal brid

3.3

maintain terminological databases for use in standardization at the following address

tropedia: available at http://www.electropedia.org/

ne browsing platform: available at http://www.iso.org/obp

dge
Ftial penetration of the building envelope by materials with a different thermal conduct]

r at wall/floor/ceiling junctions

mal bridge
ge (3.1) with a uniform cross-section along one of.tlie three orthogonal axes

point thermal bridge

localized thd

3.4

three-dime
3-D geomet
geometrical
section perf

Note 1 to ent

3.5
three-dime
3-D flankin
part of a 3-
2-D geometry

rmal bridge (3.1) whose influence can hensepresented by a point thermal transmittance (.

nsional geometrical model

rical model

model, deduced from building plans, such that for each of the orthogonal axes, the ¢
endicular to that axis changes within the boundary of the model

ry: See Figure 1.

nsional flanking element

g element

D geometrical model (3.4) which, when considered in isolation, can be represented
ical medel (3.7)

uilding envelope where the otherwise uniform thermal resistancé-is significantly changed

ivity,

hnge in thickness of the fabric, and/or a difference between internal and external dreas,

3.20)

r0Sss-

by a

Note 1 to ent

[y<See Figure 1 and Figure 2.

3.6

three-dimensional central element

3-D central

element

part of a 3-D geometrical model (3.4) which is not a 3-D flanking element (3.5)

Note 1 to entry: See Figure 1.

Note 2 to entry: A central element is represented by a 3-D geometrical model (3.4).

© ISO 2017 - All rights reserved
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dimensional geometrical model

2-D geometrical model
geometrical model, deduced from building plans, such that for one of the orthogonal axes, the cross-
section perpendicular to that axis does not change within the boundaries of the model

Note

1 to entry: See Figure 2.

Note 2 to entry: A 2-D geometrical model is used for two-dimensional calculations.

3.8
two-,
2-Df
part
matg

Note

39

two-
2-D ¢
part

3.10

dimensional flanking element

lanking element

of a 2-D geometrical model (3.7) which, when considered in isolation, consistscef pl
rial layers

1 to entry: The plane, parallel material layers can be homogeneous or non-homogeneous.

dimensional central element
entral element
of a 2-D geometrical model (3.7) which is not a 2-D flanking element (3.8)

construction plane
e in the 3-D geometrical model (3.4) or 2-D geometrical model (3.7) which separates different

plang
mate
elem

Note

3.11
cut-(
const
(3.7)

Note

3.12
auxi
plang
of ce

3.13
quasg
layer

rials, and/or the geometrical model from the remainder of the construction, and/or
ents from the central element

1 to entry: See Figure 3.

ff plane

ine, parallel

the flanking

ruction plane (3.10) that is a boundary to the 3-D geometrical model (3.4) or 2-D geomgtrical model

by separating the model from the’remainder of the construction

1 to entry: See Figure 3.

liary plane

e which, in addition to the construction planes (3.10), divides the geometrical model into a number

Is

i-homegeneous layer

which consists of two or more materials with different thermal conductivities, but which can be

cons

déered as homogeneous with an equivalent thermal conductivity

Note

3.14

1 to entry: See Figure 4.

temperature factor at the internal surface
difference between internal surface temperature and external temperature, divided by the difference
between internal temperature and external temperature, calculated with a surface resistance Rg; at the

inter

3.15

nal surface

temperature weighting factor
weighting factor which states the respective influence of the temperatures of the different thermal
environments upon the surface temperature at the point under consideration
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external boundary temperature
external air temperature, assuming that the air temperature and the radiant temperature seen by the
surface are equal

3.17

internal boundary temperature
operative temperature, taken as the arithmetic mean value of internal air temperature and mean
radiant temperature of all surfaces surrounding the internal environment

3.18

thermal co Plius coeffieient

heat flow r
by the const

3.19

linear ther
heat flow rg
thermal brid
either side

Note 1 to entl
on the total h

3.20

point thermal transmittance

heat flow rg
thermal brid
a point thern

Note 1 to ent
on the total h

3.21

EPB standafrd

standard t]
CEN/TS 166

Note 1 to eq
European Co
Directive 20]
are develope

[SOURCE: I§

te per temperature difference between two environments which are thermally cehh¢
ruction under consideration

mal transmittance
te in the steady-state compared to a reference heat flow rate calculated-disregardin

f a linear thermal bridge (3.2)

y: The linear thermal transmittance is a quantity describing the influence of a linear thermal b
eat flow.

te in the steady-state compared to a reference hedt flow rate calculated disregardin
ge (3.1), divided by the temperature difference between the environments on either si
hal bridge (3.3)

Fy: The point thermal transmittance is a quantity describing the influence of a point thermal b
eat flow.

nat complies with the requirements given in ISO 52000-1, CEN/TS 16628l3]
29[6]

try: These three basic EPB documents were developed under a mandate given to CEN b
mmission and the-Edropean Free Trade Association and support essential requirements

10/31/EU on the énergy performance of buildings. Several EPB standards and related docuij
1 or revised undey the same mandate.

0 52000¢142017, 3.5.14]

bcted

g the

ge (3.1), divided by length and by the temperature difference betweeén'the environmenits on

ridge

o the

de of

ridge

and

y the
bf EU
nents
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>
AN
AV

1N

E3 F5
Key
F1,F2, F3,F4, F5 3-D flanking elements
C 3-D central element
NOTH 3-D Flanking elements-have constant cross-sections perpendicular to at least one axis; the 3-D central

elemént is the remaining part,

Figyre 1 — 3-D geomietrical model with five 3-D flanking elements and one 3-D central element

F2 F4 F3 F5

Key
F1,F2,F3,F4,F5 3-D flanking elements

NOTE F2 to F5 refer to Figure 1.

Figure 2 — Cross-sections of the 3-D flanking elements in a 3-D geometrical model
treated as 2-D geometrical models

© IS0 2017 - All rights reserved 5


https://standardsiso.com/api/?name=3c6df32955ea11801a5e1e38bf6a91cf

IS0 10211:2017(E)

X

Key
Cx construdtion planes perpendicular to the x-axis
Cy construdtion planes perpendicular to the y-axis
C; construdtion planes perpendicular to the z-axis

NOTE Cyt-off planes are indicated with, enlarged arrows; planes that separate flanking elements|from
central elemgnt are encircled.

Figure 3 — Example ofa 3-D geometrical model showing construction planes

—

\WAWA|

V V[V V

=

A ANA

WA

Figure 4 — Example of a minor point thermal bridge giving rise to three-dimensional heat flow,
incorporated into a quasi-homogeneous layer
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4 Symbols and subscripts

4.1 Symbols

For the purposes of this document, the symbols given in ISO 52000-1 and the following apply.

Symbol Quantity Unit
A area m?2
B characteristic dimension of floor m
b width m
d thickness m
f temperature factor at the internal surface —
g temperature weighting factor —
h height m
L thermal coupling coefficient W/(m-K)
L2p thermal coupling coefficient from two-dimensional calculation W/(m-K)
L3p thermal coupling coefficient from three-dimensionakcalculation W/K
l length m
N number —
q density of heat flow rate W/m?
R thermal resistance m2-K/W
T thermodynamic temperature K
t time montH
U thermal transmittance W/(m2-K)
|4 volume m3
w wall thickness m
z depth of floor surface below ground level m
P heat flow rate w
A thermal cohductivity W/(m-K)
6 Celsius. temperature °C
A6 temperature difference K
X point thermal transmittance W/K
Y linear thermal transmittance W/(m-K)
4.2 | Subseripts
For thepurposes of this document, the subscripts given in ISO 52000-1 and the following apply.

Subscript Definition

b basement, below ground level

c component

e external

f floor

g air layer, air gap (8.6)

g ground (12.4)

ie from internal to external

iu from internal to unheated
int internal

© IS0 2017 - All rights reserved 7
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Subscript Definition
min minimum
pe external periodic heat transfer coefficient
se external surface
si internal surface
t including thermal bridge (total)
tb thermal bridge
ue from unheated to external
AL wall
0 without thermal bridge
5 Description of the method
5.1 Output
The output jof this document is the linear thermal transmittances, point théxrmial transmittances and
internal surface temperatures. The formulae for doing so are provided in Clauise 10 to Clause 13.
5.2 Genefal description
The temperature distribution within, and the heat flow throughi<a-tonstruction can be calculated |f the
boundary conditions and constructional details are known. Féthis purpose, the geometrical moflel is
divided intd a number of adjacent material cells, each with*a-homogeneous thermal conductivity} The
criteria whigh shall be met when constructing the modelare given in Clause 7.
In Clause 8 instructions are given for the determination of the values of thermal conductivity and
boundary conditions.
The temperpture distribution is determined-either by means of an iterative calculation or by a direct
solution technique, after which the temperature distribution within the material cells is determing¢d by
interpolation. The calculation rules and-the method of determining the temperature distribution are
described inl Clause 9.
NOTE Specific procedures for window frames are given in ISO 10077-2.
6 Output data and-input data
6.1 Outppt data
The output ¢lataare listed in Table 2.
Table 2 — Output data
- . Destination mod-| Validity .
Description Symbol Unit ule (Table 1) interval Varying
linear thermal transmittance I'd W/(m-K) M2-5 — No
thermal coupling coefficient from . >0 No
two-dimensional calculation Lap W/(m-K) M2-5
thermal coupling coefficient from >0 No
three-dimensional calculation Lsp W/K M2-5
temperature factor at the internal frsi o M2-5 -0 No
surface
point thermal transmittance X W/K M2-5 >0 No
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6.2 Calculation time intervals

In most cases, the calculations described in this document are steady-state and do not have time
intervals.

Where calculations are being undertaken to obtain periodic heat transfer coefficients (see 7.2.5), the
time interval shall be 1 h or less.

6.3 Inputdata

Tables 3 and 4 list identifiers for input data required for the calculation.

Table 3 — Identifiers for geometric characteristics

Name Symbol Unit | Value | Range Origin Varying
Ared A m?2 — >0 — No
Width of building component b m — >0 — No
Thickness of building component d m — >0 — No
Length I m — >0 — No
Volume 4 m3 — >0 — No
Charjacteristic dimension of floor B m — >0 ISO 13370 No

Table 4 — Identifiers for thermal characteristics of building component

Name Symbol Unit Value Range Origin Varying
design thermal conductivity A W/(m-K) — 0to 200 ISO 10456 No
thermal resistance R m2-K/W — >0 ISO 6946 No
external surface resistance Rse m2:K/W 0,04 — ISO 6946 No
internal surface resistance Rsi m2-K/W — 0,1t00,2 ISO 6946 No
thermal transmittance U W/(m2-K) — >0 ISO 6946 No
temperature 6. °C — -50 to +50 — No

7 Modelling of the construction

7.1 | Dimension systems

Lengths are measured using internal dimensions, overall internal dimensions or external |[dimensions,
according to'the dimension system being used for the building (see ISO 13789).

7.2 | Rules for modelling

7.2.1 General

It is not usually feasible to model a complete building using a single geometrical model. In most cases,
the building is partitioned into several parts (including the subsoil, where appropriate) by using cut-
off planes. This partitioning shall be performed in such a way that all differences are avoided in the
results of calculation between the partitioned building and the building when treated as a whole. This
partitioning into several geometrical models is achieved by choosing suitable cut-off planes.

7.2.2 Cut-off planes for a 3-D geometrical model for calculation of total heat flow and/or
surface temperatures

The geometrical model includes the central element(s), the flanking elements and, where appropriate,
the subsoil. The geometrical model is delimited by cut-off planes.
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Cut-off planes shall be positioned as follows:

— atasymmetry plane if this is less than dp iy from the central element (see Figure 5);

— atleast dpip from the central element if there is no nearer symmetry plane (see Figure 6);

— inthe ground, in accordance with 7.2.4

where dpin, is the greater of 1 m and three times the thickness of the flanking element concerned.

A geometrical model can contain more than one thermal bridge. In such cases, cut-off planes need to be
situated at least dpin from each thermal bridge, or need to be at a symmetry plane (see Figure 6).

S,

<1000 <1 000

Dimensions in millimetres

Key
a  Arrows ipdicate the symmetry planes.

Figure 5 — Symmetry planes‘which can be used as cut-off planes
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Dimensions in millimetres

Key
1 ]
A
B

NOTH

a) b)

000 mm or at a symmetry plane
hermal bridge at the corner of the internal room
hermal bridge around the window in the external wall

Thermal bridge B does not fulfil the conditiou~of being at least dpin (= 1 m) from a

[Figulre 6 a)]. This is corrected by extending the model in two directions [Figure 6 b)].

7.2.3

The
Figu

Figure 6 — 3-D geometricalimodel containing two thermal bridges

Cut-off planes for a 2-D geometrical model

cut-off plane

$ame rules as given in 7.2.2<apply to a 2-D geometrical model. Examples are shown in Figure 7 and
re 8. In Figure 8, the left-hand drawing may be used if the thermal bridge is symmetridal.

© ISO

2017 - All rights reserved
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= dmin

>d

min

 J

2 dmin

Key
dmin minimurp thickness

Figure 7 — Location of cut-off planes at least dyj, fromthe central element in a 2-D
geometrical model

L] L]

<d, .. <d

min min

152 I

A
Y

A

A
Y

A
A

Key
dmin minimurp thickness
lw fixed distance

Figure |8 — Example of a construction with linear thermal bridges at fixed distances, Iy
showing symmetry planes which can be used as cut-off planes

7.2.4 Cut-off planes in the ground

Where the calculation involves heat transfer via the ground (foundations, ground floors, basements),
the cut-off planes in the ground shall be positioned as indicated in Table 5. This includes ground below
the internal walls in contact with ground.
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Table 5 — Location of cut-off planes in the ground

Distance to central element

Direction Purpose of the calculation

Surface temperatures only

Heat flow and surface
temperatures?

buil

Horizontal distance to vertical plane, inside the

at least three times wall

ding thickness

0,5 x floor dimensionb

Horizontal distance to vertical plane, outside the

at least three times wall

2,5 x floor widthc.d

side

building thickness

Vert{cal distance to horizontal plane below atleast 3 m 2.5 x fldo widthe
groulnd level

Vertical distance to horizontal plane below floor

levell (applies only if the level of the floor under con- atleast1m 2,5% flooif widthc

tation is more than 2 m below the ground level)

a

b

C

d

in ea

(widt

q

I

ee Figure 9 and Figure 10.

In a 3-D geometrical model, the floor dimensions (length and width) inside the building are to be conside
Ch direction (see Figure 9).

Ih a 3-D geometrical model, the distance outside the building and below groupndiis to be based on the sma

h) of the floor (see Figure 9).

If vertical symmetry planes are known, for example, as a result of adjacent buildings, they can be used as

ed separately

ler dimension

cut-off planes.

For t|

one
vert
that

mod
dimd
the f
EXAN

All cy

7.2.5

Simi
of p¢

wo-dimensional calculations, there is a vertical symmetry plane in the middle of the f
half of the building is modelled). For three-dimensional calculations on a rectangu
ical adiabatic boundaries are taken in the grouh@mid-way across the floor in each g
one quarter of the building is modelled). Forshon-rectangular buildings, it is necessd
] the complete building (together with the:ground on all sides), or to convert the probl
nsional one using a building of infinite length and of width equal to the characteristic

oor, B (see ISO 13370).
PLE For the floor illustrated in-Eigure 9, B=b - ¢/(b + ).

ht-off planes shall be adiabatic boundaries.

Periodic heat flows\via the ground

ar criteria to thosé-in 7.2.4 apply to time-dependent numerical calculations for the de
riodic heat transfer coefficients (as defined in ISO 13370), except that adiabatic cut-of

be talken at positiensequal to twice the periodic penetration depth measured from the edgg

in ar
12.4,

7.2.4

y direction>{if these dimensions are less than those specified in 7.2.4). For further
3.2.

Adjustments to dimensions

loor (so that
ar building,
irection (so
ry either to
bm to a two-
limension of

termination
f planes may
b of the floor
details, see

Adjustments to the dimensions of the geometrical model with respect to the actual geometry are
allowed if the conditions in 7.3.2 are satisfied.
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Key
b, ¢ dimensig¢ns of floor

NOTE

Fig

Ay
A /\
y L
e /C/
- 0,5( - 2,5b
4
\V
r\f?\o QV
B\
A
056 + 25b ~
%
/
%
%
%
05¢ + 25b

Y

A

The floor dimensions are b - ¢, with ¢ >.b

ure 9 — Cut-off planes for 3-D geometrical model which includes the ground
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Y

2,50

|
I A

2,5b

Key
b Width of floor

Figure 10 — Cut-off planes for 2-D geometrical model which includes the ground

7.2.7 Auxiliary planes
The Iumber of auxiliary planes in the model shallbg such that at least one of the following crjteria is met:

oubling the number of subdivisions déés not change the calculated heat flow throygh by more
than 1 %;

— (loubling the number of subdivisions does not change the temperature factor at the infide surface,
Rsi, by more than 0,005.

NOTE1  Requirements for validation of calculation methods are given in C.2.
NOTE 2 A satisfactory sub/division of the geometrical model will usually be obtained by arrapging for the

sub-divisions to be smallest within any central element, and gradually increasing in size to larger pub-divisions
near fut-off planes.

7.2.8 Quasi-homogeneous layers and materials

In a geometrical model, materials with different thermal conductivities may be replaced by a material
with|asihgle thermal conductivity if the conditions in 7.3.3 are satisfied.

EXAMPLE Joints in masonry, wall-ties in thermally insulated cavities, screws in wooden laths, roof tiles and
the associated air cavity and tile battens.

7.3 Conditions for simplifying the geometrical model

7.3.1 General

Calculation results obtained from a geometrical model with no simplifications shall have precedence
over those obtained from a geometrical model with simplifications.

NOTE This is important when the results of a calculation are close to any required value.

The adjustments described in 7.3.2 can be made.

© IS0 2017 - All rights reserved 15
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A template for further restrictions on simplification of the geometrical model is given in Table A.2, with
an informative default choice in Table B.2.

7.3.2 Conditions for adjusting dimensions to simplify the geometrical model

Adjustment to the dimensions as described below may be made only to materials with thermal
conductivity less than 3 W/(m-K).

a) Change in the location of the surface of a block of material adjacent to the internal or external
surface of the geometrical model (see Figure 11): for the location of surfaces which are not flat, the
local adjustment perpendicular to the mean location of the internal or external surface, d., shall not

exceed §is given 1n Formula (1):
d =R| A (L)

where

R. isefjualto 0,03 m2-K/W;
A isthe thermal conductivity of the material in question.

EXAMPLE Inclined surfaces, rounded edges and profiled surfaces such astoof tiles.

NI

B
|

3
g
T

Key
1  wall socket
dc local adjfistment perpendicular to the mean location of the internal or external surface

Figure11 — Change in the location of the internal or external surface

b) Changelinthe interface of two regions of different material:

— the relocation of the interface shall take place in a direction perpendicular to the internal
surface;

— therelocation of the interface shall be such that the material with the lower thermal conductivity
is replaced by the material with the higher thermal conductivity (see Figure 12).

EXAMPLE Recesses for sealing strips, kit joints, adjusting blocks, wall sockets, inclined surfaces and other
connecting details.
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|

|

d) 1

i
7.3.3

7.3.3

The
hom

1

Ibeen attached to the outside surface (i.e. attached at discrete points) may be neglected

depending on the ratio of their thermal conductivities, A

Neglecting thin layers:
— non-metallic layers with a thickness of not moréthan 1 mm may be ignored;

— thin metallic layers may be ignored if it istestablished that they have a negligible ¢
heat transfer.

EXAMPLE Thin membranes which resist the’passage of moisture, water vapour or wind-drivg

Neglecting appendages attached-to-the outside surface: components of the building
EXAMPLE Rainwater gutters.and discharge pipes.

Conditions for using quasi-homogeneous material layers to simplify the geomet

.1 All calculations

following_€enditions for incorporating minor linear and point thermal bridges ir
pgeneousidyer apply in all cases:

helayers of material in question are located in a part of the construction which, after sii

Ibecomes a flanking element;

TV 7T XYV 7 T TV 7 T ™YV 7T
\ v \ %] \ 2] \ %]
?
B NNN\N 7% B NN\ 267 IR NN\ 7% BRI NN\ 77 B NN\ /0
a b c d
Combination Simplifications

Material block | Thermal conductivity a b c d

1 A A1 >y A>3 A1 <AB A <A

2 A2

3 A3 A3> A2 A3> A2 A3 <Az

Figure 12 — Four possibilities for relocating the interface between three materia| blocks,

bffect on the

n air.

which have

rical model

ito a quasi-

mplification,

— the thermal conductivity of the quasi-homogeneous layer after simplification is not more than 1,5
times the lowest thermal conductivity of the materials present in the layer before simplification.

7.3.3.2 Calculations performed to obtain the thermal coupling coefficient L3p or Lyp

The equivalent thermal conductivity of the quasi-homogeneous layer, A, shall be calculated in
accordance with Formula (2) or Formula (3):

, d
A= y
A j
L o Rsi o Rse - Z ;L_
3D j
© IS0 2017 - All rights reserved

(2)

17


https://standardsiso.com/api/?name=3c6df32955ea11801a5e1e38bf6a91cf

IS0 10211:2017(E)

V= d -
1 .
tb J
L Ri —Rge — z T
2D j
where
d isthe thickness of the thermally inhomogeneous layer;

A

lyp s tiretengthofatinear-thernmatbridge;
L3p is the thermal coupling coefficient of the building component determined by a 3-D caleulati

Lyp is the thermal coupling coefficient of the building component determined by a 2-D*calcula

dj
Aj are

NOTE
are present (
can be restri
with four wa

7.3.3.3 (4

thermal transmittance, ¥, or the point thermal transmittance, y

See Clause ]|

is the thickness of any homogeneous layer which is part of the building element;

The use of Formula (2) or Formula (3) is appropriate if a number of idéntical minor thermal b

is the area of the building component;

the thermal conductivities of these homogeneous layers.

vall-ties, joints in masonry, hollow blocks, etc.). The calculation.6fthe thermal coupling coeff
cted to a basic area that is representative of the inhomogenggus’layer. For instance, a cavity
I-ties per square metre can be represented by a basic area of 0525 m2 with one wall-tie.

Iculations performed to obtain the internal surface temperature or the linear

The equivalent thermal conductivity of the quasichomogeneous layer, A’, may be taken as giv
Formula (4)
) (A]~/11+ ..... +An~/ln)
A=
(4 +.+4,)

where

A1, ... A} are the thermalconductivities of the constituent materials;

Aq ... A} arethe areas of the constituent materials measured in the plane of the layer, provided
— the therjmal bridges in the layer under consideration are at, or nearly at, right angles to the int

or exter

nalsurface of the building element and penetrate the layer over its entire thickness;

1 for calculations using linear and point therthal transmittances from 3-D calculationg.

the the
1,5 (m-1

1 : rd L - £ hY £ 41 ] 21 1 - . 1-L- b : -
IIdl TESISLAIILE (SUl'ldlt LU SUl'ldLC) O LI DUIIUIlly CITIHICIIU d1LCT SHITIPIHTICAUUIT IS dU

2:K)/W;

— the conditions of at least one of the groups stated in Table 6 are met (see Figure 13).

18

(3)

—

on;

ion;

idges

cient
wall

bn in

(4)

that

brnal

least
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Table 6 — Specific conditions for incorporating linear or point thermal bridges into a quasi-
homogeneous layer

AtbP Awp© Roe Ry;if Aig dih
Group?2
W/(m-K) m?2 m2-K/W m2-K/W | W/(m-K) m
1 <1,5 <0,05 x [pd <0,5 — — —
2 >3 <30 x 10-6 <0,5 — — —
3 >3 <30 x 10-6 >0,5 >0,5 — —
4 >3 <30 x 10-6 >0,5 <0,5 >0,5 >0,1

NOTE- (‘Fr\np 1 includes linear thermal ]r\rl'r‘gnc Fvamp]nc are ,ir\ihfc in MaASORLY, wooden-battens-in-air cavities or in

insulpted cavities of minor thickness.

NOTE 2 Group 2 includes such items as wall-ties, insofar as they are fitted in masonry or concrete or(ase lo¢ated in an air
cavitly, as well as nails and screws in layers of material or strips with the indicated maximum thermal tesistajnce.

NOTIE 3 Groups 3 and 4 include such items as cavity ties, insofar as they penetrate an insulatioh.Jayer which has a higher
therhal resistance than indicated for group 2. The inner leaf therefore needs to have thermal properties|that limit the
influgnce of the thermal bridge on the internal surface temperature, e.g. if the inner leaf has.a-sufficient thermal resistance
(group 3) or the thermal conductivity of the inner leaf is such that the heat flow through the cavity ties|is adequately
distrjbuted over the internal surface; most masonry or concrete inner leaves are examples of group 4.

a  YeeFigure 12.

b tb is the thermal conductivity of the thermal bridge to be incorporated ifito the quasi-homogeneous layd

3]

y
¢ Aw is the area of the cross-section of the thermal bridge.
d [l is the length of a linear thermal bridge.

e Roisthe thermal resistance of the layer without the presenceef the point thermal bridge.

f Ry is the total thermal resistance of the layers between‘the quasi-homogeneous layer considered anfl the internal
surface.

g  Jis the thermal conductivity of the material layer between the quasi-homogeneous layer considered and the internal
surfdce with the highest value of 2; d;.

h d;is the thickness of the same layer.
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Ap <15

— / L— |A;
| 2SN

A -

a) Group1 b) Group 2

@RO >0,5 @Ro >0,5

Ap >3

o
2

6, 0; 0, }1// Ao 6;
> R...<0,5
A He ( j R4, 20,5 Ay > tl
| _§____ | /AL\
‘dl;i;‘dZ;i
c) ‘Group 3 d) Group 4
NOTE Fqr key to-symbols and subscripts, see Clause 4.
Figure 13— Specific conditionsforincorporating linear and pointthermal bridgesin a guasi-

homogeneous layer for groups given in Table 6

8 Input data specifications

8.1 General
Use values as described in this clause unless non-standard values are justified for a particular situation.

NOTE Non-standard values can be justified by local conditions (i.e. established temperature distributions in
the ground) or by specific material properties (i.e. the effect of alow emissivity coating on the surface resistance).
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8.2 Thermal conductivities of materials

Values of design thermal conductivity shall be calculated in accordance with ISO 10456 if based on
measured data supplied by the manufacturer.

In other cases, thermal conductivity is obtained from tabulated values. A template for the tabulated
default values is given in Table A.3, with an informative default list in Table B.3.

The thermal conductivity of soil shall be as 2,0 W/(m-K) unless other values(s) are given in Table A.3.

8.3 Surface resistances

For the calculation of heat flow rates, surface resistances shall be in accordance with ISO 6946,
depending on the direction of heat flow. However, the value of Rs; corresponding to hotizontal heat flow
may pe used for all surfaces when

— the direction of heat flow is uncertain or is liable to vary, or

3 whole building is being modelled in a single calculation.

For the calculation of internal surface temperatures for the purposes of evaluating condepsation risk,
surfdce resistances shall be in accordance with ISO 13788.

8.4 | Boundary temperatures

Tabl¢ 7 gives the boundary temperatures which shall be tsed.

Table 7 — Boundary temperatures

Location Boundary temperature
Internal Internal boundary temperature
Internal in unheated r6oms See 8.7
External External boundary temperature

At the distance below ground level
Soil (horizontal cut-off plane) given in Table 5: adiabatic bounda-
ry condition

8.5 | Thermal conductivity of quasi-homogeneous layers

The |thermal conductivity of quasi-homogeneous layers shall be calculated in accordance with
Fornula (2), Formula (3) and Formula (4).

8.6 | Equivalent thermal conductivity of air cavities

A ity challbn comcidasnd S S o g e~ Ay by n s abner ol vazath o 4 A o1 r\r\v\j t t A
n a ITav l\,_y JITAIT UC LUTISIULTIcu adaos a llUlllUS\,ll\aU\AO CUITUULLIVUO TIIAlUTI TAI VVILIT A LI IIIdar v oIl uC IVl y’ g-

If the thermal resistance of an air layer or cavity is known, its equivalent thermal conductivity, Ag, is

obtained from Formula (5):

A zd_g
g
Rg

(5)

where

dg is the thickness of the air layer;

Rg is the thermal resistance in the main direction of heat flow.
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Thermal resistances of air layers and cavities bounded by opaque materials shall be obtained by the
procedure in ISO 6946.

For the thermal resistance of air layers in multiple glazing, see EN 673. Information about the treatment
of cavities in window frames is given in ISO 10077-2.

Air cavities with dimensions of more than 0,5 m along each one of the orthogonal axis shall be treated
as rooms (see 8.7).

8.7 Determining the temperature in an adjacent unheated room

If sufficient
in accordan

If the tempg
with ISO 13
temperaturg
weighting f3

9 C(Calcul

9.1 Solut
The geomet
node). By aj
into accoun
temperatury

iterative me
From the te

Calculation
9.2 Calcu

9.2.1 Hea

The density

TIfoTTITation 1S avaitabte, the temperature I aIT adjacert umeated TooNT Shait be catcu
te with ISO 13789.

rature in an adjacent unheated room is unknown and cannot be calculated in accord
789 because the necessary information is not available, the heat flows and intérnal su
es cannot be calculated. However, all required coupling coefficients~and tempers
ctors can be calculated and presented in accordance with Annex E.

ation method

jion technique

rical model is divided into a number of cells, each.With a characteristic point (cal
plying the laws of energy conservation (div g = 0)-and Fourier (g = - A grad 6) and tz
L the boundary conditions, a system of equatiehs is obtained which is a function g
bs at the nodes. The solution of this system, either by a direct solution technique o

nperature distribution, the heat flows can be calculated by applying Fourier’s law.

methods shall be verified in accordatce with the requirements of Annex C.
lation rules

t flows between material cells and adjacent environment

of heat flow rate, gi-perpendicular to the interface between a material cell and the adj

environment shall satisfy Formula (6):

o-

1=

where

6)

S

ated

ance
rface
ture

ed a
king
f the

r by an
thod, provides the node temperatures fromrwhich the temperature field can be deternmned.

hcent

(6)

0
0s

Rs

is the internal or external reference temperature;
is the temperature at the internal or external surface;

is the internal or external surface resistance.

9.2.2 Heat flows at cut-off planes

The cut-off planes shall be adiabatic (i.e. zero heat flow).

9.2.3

Solution of the formulae

The formulae shall be solved in accordance with the requirements given in C.2.

22
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9.2.4 Calculation of the temperature distribution

The temperature distribution within each material cell shall be calculated by interpolation between
the node temperatures.

NOTE Linear interpolation suffices.

10 Determination of thermal coupling coefficients and heat flow rate from 3-D

calculations

10.1 Two boundary temperatures, unpartitioned model

If thgre are only two environments with two different temperatures (e.g. one internakand

temperature), and if the total room or building is calculated three-dimensionallyyfrom a s
then|the total thermal coupling coefficient, L3p1,2, is obtained from the total heat flow rg
roon} or building, as given in Formula (7):

D = L3D,1,2 '(91 _92)

Y

10.Z Two boundary temperatures, partitioned model

If th¢ room or building has been partitioned (see Figure 14), the total L3p ;; value is calg

bne external
ingle model,
te, @, of the

(7)

ulated from

Fornjula (8):
N, N, NS
b = 2 Ukt A+ D2 Lanmti) I D Lapngi g (8)
k=1 m=1 n=1
where
7 o is the thermal coupling coefficient obtained from a 3-D calculation for part n of the
3D,n(i, J) room or building;
! N is the thermal coupling coefficient obtained from a 2-D calculation for part m of the
2D,m(i,j) room or building;
I : : .
m isthelength over which the value L2D7m(i’j) applies;
Uk(i,j) is'the thermal transmittance obtained from a 1-D calculation for part k ¢f the room
or building;
Ak is the area over which the value Uy applies;
Ny is the total number of 3-D parts;
Nm is the total number of 2-D parts;
N is the total number of 1-D parts.

NOTE In Formula (8), X Ak is less than the total surface area of the envelope because some of the surface area
isincluded in the 2-D and 3-D terms.
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10.3 More|

The heat fl
Formula (9)

The total hd
Clause 5. Th|

D = Z
j
where
L3p,ij
0j
The total he|
D = Z
i

where

0i

e 14 — Building envelope partitioned into 3-D, 2-D and 1-D geometrical models

than two boundary temperatures

bw rate, @;j, from environment i to a thermally connected enyirohment j is givg

SRGED)

at flow rate from a room or building can be calculated using the principles as stat

‘LBDM (6, -0, )}

are the coupling coefficients between the room and adjacent rooms or external env|
ronments;

are the temperatures of @djacent rooms or external environments.
at flow rate to/from abhuilding can be calculated from Formula (11):

Z L3D,i,j '(91' \~ 9;’)}

J

are the temperatures of internal rooms;

e heat flow rate to/from a room at temperature 6; can be calculated from Formula (10]:

n by

(9)

bd in

(10)

i

(11)

6
L3p,i

NOTE

24

arethe LCITIPErdiurces of extermal envir OIIIICTILS,

are the corresponding coupling coefficients.

E.1 provides a method to calculate the thermal coupling coefficients.
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11 Calculations using linear and point thermal transmittances from 3-D
calculations

11.1

The relationship between L, ;

Calculation of thermal coupling coefficient
i and thermal transmittances is given by Formula (12):
N N

m n

Ny
Lypiy =2 VUntipy A+ 22 ¥mii ) b + D2 Znii
k=1

m=1 n=1

whel

|

)

NOTH

NOTH

11.2
Yva

whet

1

e

Uk(ij)  isthe thermal transmittance of part k of the room or building;
Ak is the area over which the value Uk j) applies;

¥m(ij) is the linear thermal transmittance of part m of the room orbuilding;

- is the length over which the value ¥p,(; ;) applies;
n(ij) is the point thermal transmittance of part n of thefoom or building;
N is the number of thermal transmittances;
Nim is the number of linear thermal transmittances;
V1 is the number of point thermal transndittances.
1 InFormula (12), XAk is equal to the totalsurface area of the envelope.
2 L3D,i,j is equivalent to the heat transfer coefficient, H, used in other standards.
Calculation of linear and point thermal transmittances
ues are determined from(Formula (13):
N
V= Ly — Ul
j=1
e

2p isithe thermal coupling coefficient obtained from a 2-D calculation of the compone
ing the two environments being considered;

(12)

(13)

\t separat-

Uj

considered;

I isthe length over which the value U; applies.

x values are determined from Formula (14):

N; Nj
x= Ly ZUI. A - Z'I’] L
i=1 j=1
where
© IS0 2017 - All rights reserved
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L3p is the thermal coupling coefficient obtained from a 3-D calculation of the 3-D component sepa-

rati

U;
con

Aj
¥; are

lj

N;j
N; ist
When deter

are being ug

NOTE

12 Determination of thermal coupling coefficient, heat flow rate and linear

thermal t

12.1 Twol

The heat fld
designated |
by Formula

?, =L,

where Lap
separating {

12.2 More|

The heat fl
Formula (16

For more th|

is the number of 2-D components;

Apnex D provides examples of the calculation of ¥ and y values.

ng the two environments being considered;

sidered;

is the area over which the value U; applies;

linear thermal transmittances calculated using Formula (18);

is the length over which the value ¥; applies;

is the thermal transmittance of the 1-D component i separating the two environments being

e number of 1-D components.

mining ¥ and y values, it is necessary to state which dimensions (e.g. inténnal or exte
ed, because for several types of thermal bridges, the ¥ and y values depend on this chg

ransmittance from 2-D calculations

poundary temperatures

by the subscript “int”, to the external environment, designated by the subscript “e”, is §
(15):

b (Oine —0e)

is the thermal coupling coefficient obtained from a 2-D calculation of the compq

he two environments beingconsidered.

than two boundary)temperatures

bw rate, @;j, from"environment i to a thermally connected environment j is givg

):
w1y (6°0))

n-two environments with different temperatures (e.g. different internal temperatur]

rnal)
ice.

w rate per metre length, &, of the linear thermal bridge from the internal environment,

riven

(15)

nent

n by

(16)

€S or

different ex

14 - AR | 11 P L/ 1 +1 1 1
CIIIdl LCIHIPTT dLUIrcsj, UIC LoLl4l 1IT4U TTOW 1TdiC % LU/1TUIIT LIS TOUID U1 LIS DUIIUIITE Ca

calculated from Formula (17):

@ =3 Lop (6 - 91)]
i<j
where L, jare the coupling coefficients between each pair of environments.

26

n be

(17)
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12.3 Determination of the linear thermal transmittance

The linear thermal transmittance considered of the linear thermal bridge separating the two
environments being, ¥, is given by Formula (18):

¥ =Ly —> U -l (18)

s threthermmat tramsmrittamnce of thet=Dtompornentjseparating thetwoenvirommmnts being
considered;

[y isthe length within the 2-D geometrical model over which the value U; apphies;
IV; is the number of 1-D components.

Wheh determining the linear thermal transmittance, it is necessary tostate which dimensions (e.g.
internal or external) are being used, because for several types of thermalpridges, the value|of the linear
thermal transmittance depends on this choice.

12.4{ Determination of the linear thermal transmittanée)for wall/floor junctions

12.4{1 All cases

Numgrical calculations using a two-dimensional geometrical model can be used to determine values of
linear thermal transmittance for wall/floor junctions.

Modg¢l the full detail, including half the floor.width or 4 m (whichever is smaller) and a s¢ction of the
wall [to height hy, and calculate Lyp as the heat flow rate per temperature difference and p¢r perimeter
length. hy shall be the minimum distance from the junction to a cut-off plane in accordance with the
critefia in 7.2.3 and hr shall be the height of the top of the floor slab above ground level (se¢ Figure 15).
The dlimensions of the model outside the building and below ground extend to 2,5 times thq floor width
or 20 m (whichever is smaller). See‘also 7.2.5.

If the calculation is done using a 4 m floor width (i.e. B = 8 m), the result can be used for|any floor of
greater size (B > 8 m).

The ¢alculation is thercontinued using Option A (see 12.4.2) or Option B (see 12.4.3).

A terpplate for spécifying the choice between these options is given in Table A.4, with an|informative
defaylt list in<Table B.4.

12.4{2_/Option A

12.4.2.1 Inside floor level equal to or higher than outside ground level

Lpp is obtained by numerical calculation of whole detail (including soil, edge insulation, as applicable).
Uw is calculated using ISO 6946, while Ug is calculated using the simplified procedure in ISO 13370,
including any all-over insulation of the floor slab and where applicable correction for edge insulation

(see Figure 15).
Calculate ¥g by Formula (19) using internal dimensions and by Formula (20) using external dimensions:

Y =L

g 2D_h

w Uy —0.5xB U, (19)
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(20)

Wy =Ly —(hy +he)- Uy —(0,5xB+w)-U,
where Uy is the thermal transmittance of the wall above ground, as modelled in the numerical
calculation.
1
T TR T T T TR T ,
|
1
> -— 5 RV
l
|
|
\ |
“ ‘7\(’0L7 o‘:l“ 0900 o,l°; "\:a
“ o 0o g VA ° g
= "
A
2 |
‘ )
|
Key
1 adiabati¢ boundary
2 05xBdqr4m

hs height of
hw minimur
w  width of]

NOTE The dimensions of the model extend te;0,5 x B inside the building and to 2,5 x B outside the bu

and below gr

Figure 15

12.4.2.2 Inside floor level\below outside ground level

Lop is obtail
as applicabl
procedure i
transmissio

the top of the floor slab above ground level
h distance from junction to cut-off plane (see 7.2:3)

the wall above ground

pund.

- Model for calculation ¢f linear thermal transmittance of wall/floor junction (in
floor level equal to or higher than outside ground level)

ned by nunierical calculation of whole detail (including soil, basement and edge insulg
e). Uw is calculated using ISO 6946, while Ug and Uy are calculated using the simp
h [SO-I8370 for a heated basement including any all-over insulation of the floor slal
h _through basement wall and, where applicable, allowance for basement depth

lding

1side

tion,
ified
and
and

correction f

brto edge insulation (see Figure 16).

Calculate ¥g by Formula (21) using internal dimensions and by Formula (22) using external dimensions:

¥, =Ly —(hy —h)-Uy —he Uy, —0,5xBU,

¥, = Loy = (hy =) Uy —h Uy, =(0,5%B+w)-U

where

28

8

(21)

(22)
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Uw is the thermal transmittance of the wall above ground, as modelled in the numerical cal-

culation;

Uw,p is the thermal transmittance of basement wall, as calculated in ISO 13370.

Key
1 3
2

hw
w \!

NOTIH
and b

Figul

12.4

12.4

Rem

diabatic boundary
,5xBor4m

hg :Leight of the top of the floor slab below ground leel (basement wall)

inimum distance from junction to cut-off plane (see 7.2.3)
vall thickness

The dimensions of the model(extend to 0,5 x B inside the building and to 2,5 x B outsid¢
elow ground.

re 16 — Model for calculation of linear thermal transmittance of wall/floor junc
floor level below outside ground level)

3 OptionB

3.1 Inside floor level equal to or higher than outside ground level

pye the wall down to the level of the underside of the floor slab (see Figure 17). U

bou

t the building

Lion (inside

se adiabatic

daries where the wall was prpvimlc]y in contactwith the floorslab orthe grmlnd Qbtd

second numerical calculation on the revised detail.

inLypabya

Both Lyp and Lzp,, are obtained by numerical calculation according to the procedure described in 12.4.
Uw is calculated using ISO 6946.

Then,
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Key
1
2

adiabati
0,5xBo

Figure 17

12.4.3.2 Inside floor level below outside ground level

Replace all 1
wall down t

the wall was

calculation

Both Lop an
Uw is calcul

Then

b d
g

=L2

boundary
4 m

— Model for second numerical calculation for Option B (inside floorlevel equal t
higher than outside ground level)

haterial below ground with soil (but retaining any all-over floor insulation) and remov
b the level of the underside of the floor slab (see Figure\18). Use adiabatic boundaries w

previously in contact with the floor slab or the ground. Obtain L, by asecond numsg

n the revised detail.

l Lop,a are obtained by numerical calculatiomraccording to the procedure described in
hted using ISO 6946.

D _(hw _hf)'Uw_LG,a

D Or

e the
rhere

rical

-~

(24)

Key
1

2 05xBo

30

adiabatic boundary

r4m

Figure 18 — Model for second numerical calculation for Option B
(inside floor level below outside ground level)
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12.5 Determination of the external periodic heat transfer coefficient for ground floors

The geometrical model of 12.4 can be used with a time-dependent numerical calculation method to
determine both ¥, and the external periodic heat transfer coefficient, Hpe. The size of the time-steps
should be such as to ensure a stable calculation. Determine the mean total heat flow through the
internal surfaces in W/m for each month of the year. The calculation is continued until the heat flow
through the internal surfaces for the month of December of the last year differs by less than 1 % from
the heat flow in December for the previous year. This can normally be obtained by calculating at least

10 years.

The internal temperature is kept at a constant value, 0_] , and the external temperature, at time ¢, in °C,

Oe(t)] is represented by Formula (25):
) (t):B_ ~ 6 - cos Zn-t_—T
e e e 12

where

[N

e

e

For further information, including properties of theé'ground, see ISO 13370.

For gach month, obtain the heat flow, gm, in-addition to that accounted for by Uw and Ug

Formula (26):

where q¢m is the mean heat (flow through the internal surfaces in month m, as obtain

numerical results. Then, as given in Formula (27):

12
D 4
m=1 _

g~ =
125{6, — 0, )
and Formula(28):

ljy

3 is the annual average external temperature, in °C;

3 is the amplitude of variations in monthly mean externaltémperature, in K;

§ isthe time, expressed in months (¢ = 0 at the beginning of January);

1  isthe time, expressed in months, at which thessinimum external temperature occ

d9m = 9em _hW Uy '(Gint _ee,m)_O’SXB'Ug '(e_int _ee)

(25)

Irs.

as given in

(26)

bd from the

(27)

(q —— )
HpeZP' max _“min
2><9e

where
P isthe exposed perimeter of the floor;
(max is the maximum value of g;

Qmin is the minimum value of qp,.

NOTE Hpe calculated using Formula (28) includes ¥g.
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13 Determination of the temperature at the internal surface

13.1 Determination of the temperature at the internal surface from 3-D calculations

13.1.1 Two boundary temperatures

If there are only two environments involved and the subsoil is not a part of the geometrical model, the
surface temperatures can be expressed in a dimensionless form in accordance with Formula (29):

v 0 (x,y,z)—@e

Rsi (Xv S

where

frsi(X,y,4
Osi(x,y,z
Oint

Be

The temper

13.1.2 Moy

If there are
The temper
the inner su

NOTE1 At
environment

Using the te
given by Fof

0,(x.y,
with Formu
9,1 (x4

NOTE2 E.

Y eint _ee

)is the temperature factor at the internal surface at point (x,y,2);
is the temperature at the internal surface at point (x,y,2);

is the internal temperature;

is the external temperature.

hture factor shall be calculated with an error of less than0,005.

e than two boundary temperatures

more than two boundary temperatures, the temperature weighting factor, g, shall be
hture weighting factors provide the means$\teé calculate the temperature at any locati
rface with coordinates (x,y,z) as a linear function of any set of boundary temperatures

5 with different temperatures.

mperature weighting factorsjthe surface temperature at location (x,y,z) in environmel

mula (30):
Z) =91 (x,y,z) : 91 5 9 (x,y,z) : 92 +

a(31):

+9n (x,y,z) =1

B provides a method for calculating the weighting factors.

(29)

1sed.
bn at

least three boundary temperaturesc-are involved if the geometrical model includes internal

ntjis

(30)

(31)

Calculate the internal surface temperature, s, at the location of interest by inserting the calculated

values of gj i

NOTE 3

and the actual boundary temperatures, 8;, in Formula (30).

location can vary if the boundary temperatures are changed.

32

The location of interest is normally the point with the lowest internal surface temperature. This
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13.2 Determination of the temperature at the internal surface from 2-D calculations

13.2.1 Two boundary temperatures

When there are only two environments involved, the surface temperatures can be expressed in a
dimensionless form in accordance with Formula (32):

Osi (x,y) - Oe

6. -6 (32)

frsi (x,y):

where

fRsi(x,y) is the temperature factor for the internal surface at point (x,));
@si(x,y) isthe temperature for the internal surface at point (x,y);

Bint is the internal temperature;

@ is the external temperature.

The temperature factor shall be calculated with an error of less than-0,005.

13.2{2 Three boundary temperatures

If the¢re are three boundary temperatures involved, température weighting factors, g, sHall be used.
Temperature weighting factors provide the means te-¢alculate the temperature at any log¢ation of the
internal surface with coordinates (x,)) as a linear function of any set of boundary temperatpres.

The gurface temperatures at the location (x,y) ih‘environmentj are given by Formula (33):
é?j(x,y) =91 (x,y) 0, + 92 (x,y) L0, + 93 (x,y) -6, (33)
with|Formula (34):
91 (x¥)+9,5(xy) 44 (xy) =1 (34)

NOTH The weightingfactors at the location of interest can be calculated in accordance with Annex E. The
location of interest is.iefmally the point with the lowest internal surface temperature. This locati¢n can vary if
the bpundary temperatures are changed.

14 Report

14.1 Input data

The report of the calculation shall contain the following information:
a) description of structure:
— building plans including dimensions and materials;

— for a completed building, any known alterations to the construction and/or physical
measurements and details from inspection;

— other relevant remarks;
b) description of the geometrical model:

— 2-D or 3-D geometrical model with dimensions;
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— input data showing the location of the construction planes and any auxiliary planes, together
with the thermal conductivities of the various materials;

— the

applied boundary temperatures;

— acalculation of the boundary temperature in an adjacent area, when appropriate;

— the

surface resistances and the areas to which they apply;

— any dimensional adjustments in accordance with 7.3.2;

— any quasi-homogeneous layers and the thermal conductivities calculated in accordance

wit
— any

14.2 Outp

/.3.3;

non-standard values used with justification of the deviation from standard valu€gs\(sed

it data

14.2.1 Genleral

The followi
temperatursg

— therma
the buil

NOTE 1

— if apprg
interna

— tempery
(includi
temper

NOTE 2

All output v

14.2.2 Calq

The heat trg
than two b
Formula (15

14.2.3 Calq

hg calculation results shall be reported as values that are independent of the boun
¥

coupling coefficient L3p or Lyp between adjacent rooms involved in heat transfer thr
ding components;

An example is given in Table E.2.

priate, the linear thermal transmittance, ¥, ofithe linear thermal bridge, stating wh
or external dimensions were used;

ture factor, frsi, for the points of lowest surface temperatures in each room inv
ng the location of these points); if moere than two boundary temperatures are used
ture weighting factors shall be reported.

An example of how to report'temperature weighting factors is given in Table E.4.

hlues shall be given to atleast three significant figures.

ulation of the heattransmission using the thermal coupling coefficient

nsmission frem/environment i to environment j is given by Formula (10) if there are
bundary temiperatures, by Formula (9) if there are two boundary temperatures,
) for a 2<D'geometrical model.

ulation of the surface temperatures using weighting factors

8.1).

dary

ough

bther

lved
, the

more
r by

The lowest internal surface temperature exposed to room j is given by Formula (30) for a 3-D

geometrical

model or by Formula (33) for a 2-D geometrical model.

14.2.4 Additional output data

For a specific set of boundary temperatures, the following additional values shall be presented:

— heat flow rates, in watts per metre (for 2-D cases) or in watts (for 3-D cases), for each pair of rooms
of interest;

— minimum surface temperatures, in degrees Celsius, and the location of the points with minimum

surface

34

temperature in each room of interest.
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14.2.5 Estimate of error

Numerical procedures give approximate solutions which converge to analytical solutions, if one exists. In
order to evaluate the reliability of the results, the residual error should be estimated, as described below.

— In order to estimate errors due to insufficient numbers of cells, additional calculation(s) shall be
made in accordance with C.2. The difference in results for both calculations shall be stated.

— Inorder to estimate errors arising in the numerical solution of the equation system, the sum of heat
flows (positive and negative) over all boundaries of the building component divided by the total
heat flow shall be given.

NOTH C.2 specifies that this quotient is to be less than 0,000 1.

A te:l?plate for specifying the maximum permitted error is given in Table A.5, with’an [informative
defaylt in Table B.5.
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Annex A
(normative)

Input and method selection data sheet — Template

A.1 General

The templat
required inf

NOTE1 F{

NOTE 2

by national/]
national/reg

ng
choices, in lin
document, in
their legal do

NOTE 3
certification
for different
values and cHi

by

by
b, c, ... For ex

by
annex to the

NOTE4 In
about the apy
NOTE5  Fd

could contair
national asse

The template in Annex A is applicable to different applications (e.g., the design of a new bui

e in Annex A of this document shall be used to specify the choices between methodj
ut data and references to other documents.

llowing this template is not enough to guarantee consistency of data.

egional regulations. If the default values and choices of Annex B are not adopted because
onal regulations, policies or national traditions, it is expected that:

tional or regional authorities prepare data sheets containing the national or regional value
e with the template in Annex A; or

default, the national standards body will add or include a“national annex (Annex NA) t
line with the template in Annex A, giving national or regional values and choices in accordancg
cuments.

pf a new building, renovation of an existing building and certification of an existing building
Lypes of buildings (e.g., small or simple buildihgs and large or complex buildings). A distinct
oices for different applications or building types could be made:

adding columns or rows (one for each@pplication), if the template allows;

including more than one version-of a table (one for each application), numbered consecutively
hmple: Table NA.3a, Table NA.3b;

developing different national/regional data sheets for the same standard. In case of a naf
standard these will beconsecutively numbered (Annex NA, Annex NB, Annex NC, ...).

the section “Intréduction” of a national/regional data sheet information can be added, for ex4
licable national/regional regulations.

r certaindnput values to be acquired by the user, a data sheet following the template of Anf
areference to national procedures for assessing the needed input data. For instance, refereng
ssmefitPprotocol comprising decision trees, tables and pre-calculations.

The shaded

, the

Informative default choices are provided in Annex B. Alternative values and cHeices can be imposed

f the

5 and

this
with

ding,
) and
on in
r as a,
ional

mple

ex A,
e toa

ficlds in the tables are part of the template and consequently not open for input.

A.2 References

The references, identified by the module code number, are given in Table A.1.

36
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Table A.1 — References

Reference Reference documenta

Number Title

Mx-yb

a

b

between all EPB standards.

If a reference comprises more than one document, the references may be differentiated.

In this document, there are no choices in references to other EPB standards. The table is kept to maintain uniformity

A.3 | Selection of methods

In thlis document, there is no need to specify choices in methods. A.3 is kept to ,maintain uniformity

between all EPB standards.

A.4 | Input data and choices

Table A.2 — Restrictions on simplifications of the geometrical model (see 7.3.1)

Item AO\Restrictions

Restrictions on simplification of the Provide list of restrictions
geometrical model

Table A.3 — Default thermal conductivity values (see 8.2)

Materiala %%’ Thermal conductivity
AQ) A
r\\ W/(m-K)

a2 Rows may jbe deleted or added and materials may be further specified or
grouped.

Table A.4 — Basis of calculation for wall/floor junctions (see 12.4.1)

Item Choice
Option A or B as defined in 12.4 AorB

Table A.5 — Requirement to estimate maximum error of numerical method (see 14.2.5)

Item Choice
Maximum error on numerical method? Yes/No
If Yes, maximum value of the error | ... %
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Annex B
(informative)

Input and method selection data sheet — Default choices

B.1 General

The templalte in Annex A of this document shall be used to specify the choices between method

required inf

NOTE1 Fd
NOTE 2
by national/]
national/reg

ng
choices, in lin
document, in
their legal do

NOTE 3
certification
for different
values and cH

by

by
b, c, ... For ex

by
annex to the

NOTE4 In
about the apy
NOTE5  Fd

could contair
national asse

ut data and references to other documents.

llowing this template is not enough to guarantee consistency of data.

egional regulations. If the default values and choices of Annex B are not adopted because
onal regulations, policies or national traditions, it is expected that:

tional or regional authorities prepare data sheets containing the national or regional value
e with the template in Annex A; or

default, the national standards body will add or include a“national annex (Annex NA) t
line with the template in Annex A, giving national or regional values and choices in accordancg
cuments.

The template in Annex A is applicable to different applications (e.g., the design of a new bui

pf a new building, renovation of an existing building and certification of an existing building
Lypes of buildings (e.g., small or simple buildihgs and large or complex buildings). A distinct
oices for different applications or building types could be made:

adding columns or rows (one for each@pplication), if the template allows;

including more than one version-of a table (one for each application), numbered consecutively
hmple: Table NA.3a, Table NA.3b;

developing different national/regional data sheets for the same standard. In case of a naf
standard these will beconsecutively numbered (Annex NA, Annex NB, Annex NC, ...).

the section “Intréduction” of a national/regional data sheet information can be added, for ex4
licable national/regional regulations.

r certaindnput values to be acquired by the user, a data sheet following the template of Anr
areference to national procedures for assessing the needed input data. For instance, refereng
ssmefitPprotocol comprising decision trees, tables and pre-calculations.

5, the

Informative default choices are provided in Annex B. Alternative values and cHeices can be imposed

f the

5 and

this
with

ding,
) and
on in

F as a,

ional

The shaded

ficlds in the tables are part of the template and consequently not open for input.

B.2 References

The references, identified by the module code number, are given in Table B.1.
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Table B.1 — References

Reference Reference documenta

Number Title

Mx-yb

a  Ifareference comprises more than one document, the references may be differentiated.

between all EPB standards.

b In this document, there are no choices in references to other EPB standards. The table is kept to maintain uniformity

B.3 Selection of methods

In thlis document, there is no need to specify choices in methods. B.3 is kept to maintain uniformity

betwieen all EPB standards.

B.4 | Input data and choices

Table B.2 — Restrictions on simplifications of the geometrical model (see 7.3.1)

Item ,\<(Rgstrictions

Restrictions on simplification of the AsinZ73
geometrical model

Table B.3 — Default thermal conductivity values (see 8.2)

Materiala \O\‘ Thermal conductivity
A
o W/(mk)
Materials with properties in ISO or EN Values according to product
product standard.or listed in ISO 10456 standard if available, other-
wise from ISO 10456
a Ro@{ay be deleted or added and materials may be further
specifiedor grouped.

Table B.4 — Basis of calculation for wall/floor junctions (see 12.4.1)

Item Choice
Option A or B as defined in 12.4 B

Table B.5 — Requirement to estimate maximum error of numerical method (see 14.2.5)

Item Choice

Maximum error on numerical method? No

If Yes, maximum value of the error —

© IS0 2017 - All rights reserved
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Annex C
(normative)

Validation of calculation methods

C.1 Testreference cases

C.1.1 Gen

In order to
method sha
respectively

In order to |
correspondi

Figure C.2.
C.1.2 Cas

The heat tr4
analytically,
in the same
and the tem

eral

be classified as a three-dimensional steady-state high precision method,a -calcul
1 give results corresponding to those of the test reference cases 1, 2, 3, and 4, repressg
in Figure C.1, Figure C.2, Figure C.3 and Figure C.4.

pe classified as a two-dimensional steady-state high precision methed, it shall give re
ng to those of the test reference cases 1 and 2, represented respectively in Figure C.]

p 1

nsfer through half a square column, with known surface temperatures, can be calcu
as shown in Figure C.1. The analytical solution at28 points of an equidistant grid is §
figure. The difference between the temperaturés:calculated by the method being valig
peratures listed shall not exceed 0,1 °C.

htion
nted

sults
| and

lated
riven
lated

20 °C Analytical solution at grid
B I A nodes (°C)
. J'r 97 134 147 151
| 53 8,6 10,3 10,8
+ o+ AV 3,2 56 7,0 7,5
. O _i_ 2,0 3,6 4,7 5,0
I 1,3 2,3 3,0 3,2
0°C| o+ + Jlf 0,7 14 18 1,9
vor o+ 0,3 0,6 0,8 0,9
|
+ o+ o+ -|-
|
+ o+ o+ -|-
v D
0°C
BC=2xAB

Figure C.1 — Test reference case 1: comparison with the analytical solution

C.1.3 Case?2

C.1.3.1 Description of the model for case 2

An example

40

of two-dimensional heat transfer is given in Figure C.2, Table C.1 and Table C.2.
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Figure C.2 — Test reference case 2: two-dimeinsional heat transfer
Table C.1 — Description of:niodel for case 2
Dimensions Thermal
mm conductivity Boundary conditions
W/(m-K)
_ _ AB: 0 °C with
AB =500 11,15 Rse = 0,06 m2-K/W
_ . HI: 20 °C with
AC=6 2:0,12 Rei= 011 m2-K/W
Ch=15 3:0,029 —
CF=5 4:230 —
EM =40 — —
G}=1,5 — —
IM=1,5 — —
FG-KJ=1,5 — —
C.1.3.2 Numerical solution for case 2
Table C.2 — Temperature results for case 2

Temperatures °C

A:71 B: 0,8
C:79 D: 6,3 E: 0,8
F: 16,4 G: 16,3

H: 16,8 I: 18,3

Total heat flow rate: 9,5 W/m

The difference between the temperatures calculated by the method being validated and the
temperatures listed shall not exceed 0,1 °C. The difference between the heat flow calculated by the
method being validated and the heat flow listed shall not exceed 0,1 W/m.
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C.1.4 Case3

C.1.4.1 Description of the model for case 3

An example of three-dimensional heat transfer is given in Figure C.3, Table C.3, Table C.4 and Table C.5.

\\
// \
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\ \

\Y

Nz

a) Perspective view

A Y M 5 N
B [ 9|
C 7 D
E
F
ap y 5
Y Y ap 4 o
O 7/ P. IIIIIIIIIII[?IIIIIIIIII Q
R
T il
/4 a
G H 1J K 5 L /
4 14 a o
4% |
| o T
3 2 1
b) Horizontal section c) Vertical section

NOTE Y andV are three-dimensional corners.

Figure C.3 — Test reference case 3: three-dimensional geometrical model
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Table C.3 — Description of the model for case 3

Dimensions Thermal conductivity Boundary conditions
mm W/(m-K)

AB=1300 1: 0,7 a: 20 °C with
Rsi= 0,20 m2-K/W

BD =Hl =100 2:0,04 B: 15 °C with
Rsi=0,20 m2-K/W

DE=1]=50 3:1,0 y: 0 °C with
Rse = 0,05 m2-K/W

EE=JK=150 4:2-5 S—adiabatic

FL=KL=1000 5:1,0

CG=1150

GH =600

MP=ST=1000

QR=50

RS =150

NQ =950

OP =600

C.1.4.2 Numerical solution for case 3: surface temperature factors

The [owest surface temperatures in the environments a and f are in the corners of

Table C.4 — Temperaturértesults for case 3

. Temperature factors
Environment
9y Ja 9p
y 1,000 0,000 0,000
a 0,378 0,399 0,223
B 0,331 0,214 0,455

environments:

4

o, min

’ B, min

Onin =9, 6, + 90, +95 65

=0,378%x0+0,223x15+0,399x20 =11,32°C

=0,331x0+0,455x15+0,214x20 =11,11°C

both indoor

(C.1)

(€.2)

(C.3)

The difference between the lowest Internal surface temperature ot both environments calculated by
the method being validated and the temperature listed shall not exceed 0,1 °C.
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